The characterization of maize landraces is extremely important in breeding programs for use of these genotypes as sources of genetic variability. The objective of this study was to quantitatively characterize 28 populations of maize landraces from the state of Paraná using the estimates of the effects of varieties and heterosis parents and the general combining ability, thereby assessing the main agronomic traits. In the crop of 2008/09, 56 inter-varietal hybrids, obtained through a topcross, 28 populations of maize landraces and three check varieties were evaluated for female flowering (FF), plant height (PH), ear height (EH) and grain mass (GY). The treatments were evaluated in a randomized block design, with two replications, at three Paraná State locations: the Experimental Center of the Agronomic Institute of Paraná in Londrina (IAPAR) and the experimental units of Pato Branco and Ponta Grossa. The data were submitted to an analysis of variance, considering a fixed model for genotypes and a random model for environments; the averages grouped by the Scott-Knott test, along with intersections of topcrosses, were analyzed according to a readapted model proposed by Oliveira et al. (1997). According to estimates of the parental effects, the GI 133 population showed the most promising estimates for all characteristics. The GI 088 and GI 173 populations stood out with promising estimates of the effects of heterosis. The conclusion is that the populations GI 133 and GI 173 may be indicated for recurrent selection programs or participation in obtaining composites. Key words: Heterosis effects. Variety effects. Pre-breeding. Zea mays L.
Introduction
Maize landraces, or maize local varieties, were originated through the direct action of successive generations of family farmers and indigenous communities by crossing old and even recent genotypes, or simply through intrapopulation selection of plants adapted to their farming systems . Although maize landraces are less productive than commercial cultivars, they have important specific characteristics that justify their evaluation for pre-breeding programs, such as the high potential for adaptation and cultivation in rural environments that have water deficiencies, nutrient shortages, and excess acidity or alkalinity in the soil. These populations are considered a source of genetic variability that can be exploited in the search for genes that are tolerant and/or resistant to biotic and abiotic factors (ARAÚJO; NASS, 2002) .
The characterization of maize landraces access to germplasm banks through an evaluation of these variables encourages their use and contributes to the identification of divergent populations with genetic variability, which may be useful for the preliminary prediction of crosses that optimize heterosis (MIRANDA et al., 2003) .
Topcrosses are generally used when there is no information available about the genotypes under study. These crosses also allow for the selection of populations for further research of recurrent intra-or inter-population selection (reciprocal recurrent selection), forming compounds or the commercial use of F 1 (GARBUGLIO; ARAÚJO, 2006; MIRANDA FILHO, 1988) . The topcrosses are easy to achieve, thus allowing the evaluation of a large number of genotypes and obtaining important parameters and genetic effects during selection (CRUZ et al., 2004) .
Theoretical and experimental evaluations of topcrosses have been presented with the objective of obtaining information about the frequency of favorable alleles, their genetic basis, their general or specific combining ability, the yield "per se," the number of testers and the genealogy between the evaluated genotypes (SEIFERT et al., 2006; FERREIRA et al., 2009; CARPENTIERI-PÍPOLO et al., 2010 , CANCELLIER et al., 2011 CLOVIS et al., 2015) . Furthermore, topcrosses are widely used in maize breeding programs, with the objective of studying the most diverse agronomic characteristics. Cancellier et al. (2011) evaluated the potential for 70 topcross hybrids selected for plant height, ear height, ear length and ear diameter, 100 seed weight, hectoliter weight and grain yield, observing that nineteen lines presented a set of characteristics that are favorable to the development of commercial genotypes in the production of grain in the southern Tocantins. Ferreira et al. (2009) reported that few studies have been carried out to evaluate the potential of these maize landrace varieties in crosses. The same authors performed a topcrosses cross between 31 varieties of maize landraces with two hybrids and obtained high estimates of combining ability, allowing for the indication of these genotypes in the synthesis of compounds. Kostetzer et al. (2009) evaluated maize varieties using a partial diallel (11 x 5) and verified that the MC 45 and IAPAR 50 varieties presented promising genetic parameter estimates for all variables. The present work aimed to characterize 28 maize landrace populations for their estimates of variety and heterosis effects and their general combining ability in terms of their main agronomic characteristics.
Materials and Methods
In the growing season of 2007/2008, 56 topcross hybrids were obtained by a partial diallel (28 x 2) between 28 maize landrace populations and two maize tester populations (Table 1) . Table 1 . Description of the 28 maize landrace populations, 2 tester populations and check varieties according to the origin, characteristics of the grain, days for female flowering (FF) and one-thousand grain weight (P 1000G). The performance of the 56 hybrids, the tester populations, the maize landrace populations per se and the three check varieties, IPV 2122, IPR 114 and IPR 115, were evaluated during the 2008/2009 harvest at three locations in the state of Paraná: Londrina, Pato Branco and Ponta Grossa. The following agronomic traits were evaluated: female flowering (FF) in days, from emergency to stigma style emission in 50% of the plants of the plot; plant height (PH) in centimeters, measured from the soil surface to the curvature of the flag leaf; ear height (EH) in centimeters, measured from the soil surface to the point of insertion of the upper ear; and grain yield (GY) resulting from the mechanical threshing of the plot ears, measured with an electronic scale in kg ha -1 (corrected for 14% humidity and ideal stand). For GY, only the data from Pato Branco and Ponta Grossa were considered, as those of Londrina were discarded due to the occurrence of drought.
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The experimental design was a randomized complete block design, with two replications in three environments. The plot consisted two 5m long rows, spaced 0.80 m apart between rows and 0.2 m between plants, totaling 25 plants per row after thinning.
At all locations, fertilization was performed using 350 kg ha -1 of NPK (8:28:16) , and the topdressing fertilization was performed using 60 kg ha -1 of N supplied as urea.
The data were submitted to individual and joint analyses of variance, according to the simple factorial model with additional check varieties, with fixed genotypes and as random environments (CRUZ et al., 2004) . The means were compared using the Scott-Knott test (1974) at 5% probability.
The topcross hybrids were evaluated according to the model readaptation of Miranda Filho and Geraldi (1984) , proposed by Oliveira et al. (1987) , applicable to partial diallels, considering several environments. The model for diallel crosses includes two population groups and the hybrids resulting from inter-varietal crosses of distinct groups. When the assays were repeated in several environments, the model was readjusted by Oliveira et al. (1987) as follows:
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The estimate of the general combining ability ( i ĝ ) was calculated using the following expression (GRIFFING, 1956 ):
where v i = variety effect and h i = heterosis effect.
Results and Discussion
The joint analyses of variance detected significant differences (p < 0.05 and p < 0.01) for FF, PH and GY for treatments (T) and genotypes (G), inferring the differences in performance among the evaluated genotypes ( Table 2 ). The effects of T x E were significant (p < 0.05) only for PH, EH and GY, so their means are presented by location. When there is significance in this interaction, this indicates that there is a possibility of a genotype presenting excellent performance in one environment, while not being influenced by the recommendation of cultivars for wide adaptability in another (CLOVIS et al., 2015) .
The coefficients of variation obtained in this study ranged from low to medium, indicating that the experimental design was satisfactory in controlling environmental variation, while allowing reliable data to be obtained (FRITSCHE-NETO et al., 2012; PIMENTEL-GOMES, 2000) . df': Degrees of freedom considering two environments. **, *: significant at 5% and 1% probability by test F. ns : no significant at 5% and 1% probability by test F.
For female flowering (FF), most of the hybrids (92%) had averages similar to the commercial ones being considered as early genotypes (Table  3) . Regarding plant height (PH) in Londrina, the test did not stratify the genotypes into groups. The averages presented in Pato Branco were divided into two groups (a and b), whereas in Ponta Grossa, the genotypes had very different PH means and were separated into 11 groups. For AE, three groups (a, b and c) were observed in Londrina, two groups in Pato Branco (a and b), and five groups in Ponta Grossa (a-e). For grain yield (GY), the hybrids in Pato Branco were divided into four groups, and only 19 hybrids did not differ from the means presented by the evaluated varieties. In Ponta Grossa, the hybrids were divided into three groups (a, b and c) and some hybrids, such as GI 088 x TC1, GI 133 x TC1, GI 045 x TC2, GI 148 x TC2 and GI173 x TC2, were shown to have similar performance to check variety IPR 115 (group a). GI 088 x TC1, GI 133 x TC1, GI 148 x TC2 and GI 173 x TC2 hybrids exhibited satisfactory performance for GY in both environments. All these results indicate that these genotypes of maize landraces exhibit a performance different from the traits in environments where testing was done and that this fact informs selection. Means followed by the same letter do not differ by the Scott-Knott test (p < 0.05).
continuation
In the joint partial diallel analysis (Table 4) , we observed that there were significant differences between the QM's for the sources of variation (SV), treatments (T) and the parents 2 (P2) for all of the variables analyzed, indicating that there is genetic variability among the evaluated populations. For Parental 1 (P1), a group composed of the test populations, there was no significance (p > 0.05) of any traits. The Parents 2 (P2), a group composed of 28 maize landraces, exhibited significant differences for all traits, inferring that the maize landrace populations differ in their average allelic frequencies, contributing differently at intersections where they are involved. The groups (Gru) presented significant differences for the PH and GY, indicating that there was different behavior among them. In relation to the split of the QM's of the effects of heterosis in medium heterosis ( h ), a significant difference occurred for the PH and EH, evidencing that the populations in crossbreeding obtained averages higher than the populations per se. Parental heterosis 2 (HP2) presented significant differences only for female flowering (FF). The absence of significance for heterosis of parents presented by PH, EH and GY indicated that groups of Parental 1 (P1), testers, Parents (P2) and maize landraces populations when crossbreed do not present heterotic potential (s ij ). Araújo and Miranda Filho (2001) also did not find significant differences for heterosis of varieties and total heterosis for the same traits analyzed in this work. Table 4 . Mean squares (MS) in the diallel analysis for female flowering (FF), plant height (PH), ear height (EH) and grain yield (GY) applicable to partial diallels in several environments (Oliveira et al., 1987) ; QM x 10 3 **, *: significant at 5% and 1% probability by test F. ns : no significant at 5% and 1% probability by test F.
In relation to the estimates of varietal effects ( j v ), the GI 018 population was highlighted because it presented the lowest i v estimate for FF, contributing to the reduction of the cycle by up to 6 days (Table 5) ), allowing its indication for recurrent selection programs or obtaining compounds. The effect of varieties is the performance of the "i" population, performance per se, in relation to the average of the other populations, which is related to the additive components of the averages (GARDNER; EBERHART, 1966) . According to , for the PH and FF, negative and smaller values for parameter estimates are highly desirable, since they contribute to the additive model, reducing the mean PH and FF of the populations. Thus, it is valuable to select genotypes with negative estimates that contribute to the reduction of FF, PH and EH (SOLALINDE et al., 2014 ) populations. Two populations, GI 088 and GI 173, stood out as having promising estimates for all variables, low and negative for FF, PH and EH, and high and positive for GY ( Table  5 ), inferring that these populations in crossing will result in more heterotic hybrid combinations (CRUZ et al., 2004) . According to Bernini and Paterniani (2012) , the parental heterosis parameter is the difference between the mean of the heterosis of the hybrids and the mean heterosis.
For general combining ability ( i ĝ ), the GI 088, GI 133 and GI 156 populations revealed promising negative estimates, contributing to a reduction in FF, PH and EH (Table 5 ). These same populations exhibited promising and significant i ĝ estimates toward increasing GY as GI 133 (963 kg ha -1 ), GI 156 (439 kg ha -1 ) and GI 088 (373 kg ha -1 ). The general combining ability is a genetic parameter obtained due to the genetic differences in the parents and the average effects of an allelic substitution being associated with additive effects (HALAUER; MIRANDA FILHO, 1988) . Kostetzer et al. (2009) In pre-breeding, it is difficult to gather genotypes that present promising genetic parameters for all evaluated traits, thus requiring selection. This is even more true when working with maize landrace populations that present very different traits. However, the i ĝ estimates are associated with the frequency of favorable alleles for traits of agronomic interest (VENCOVSKY; BARRIGA, 1992) , emphasizing that the positive estimates reflect the genotype for the contribution to an increase or a negative reduction in the trait. Thus, the maize landrace population GI 133 brought together the best effects of varieties ( i v ) and general ability combining ( i ĝ ), allowing for use in recurrent selection programs or in obtaining hybrids and composites. The GI 088 population has collected the best estimates that can also be used in recurrent selection programs and for incorporation into hybrid combinations. 
Conclusions
Topcross hybrids exhibited productive potential and differential performance in the environments in which they were evaluated.
Maize landrace GI 133 and GI 173 populations presented per se positive potential for indication in recurrent selection programs or for participation in obtaining composites.
The GI 088 and GI 173 populations stood out in terms of the effects of heterosis ( i ĥ ), indicating that they are promising populations for maize breeding programs.
